FUEL SUPPLY SYSTEM FOR INTERNAL COMBUSTION ENGINE 
AND FUEL TRANSFER TUBE 

Field of the Invention 

The present invention relates to a fuel supply system for an internal 
combustion engine, which is disposed in a saddle type fuel tank provided with a main 
chamber and an auxiliary chamber on both sides of an upwardly protruding center 
portion of a bottom face thereof, for transferring fuel in the auxiliary chamber side to 
the main chamber side, and a fuel transfer tube used for the transfer of the fuel. 

Related Art 

In a rear-wheel-drive vehicle or a four-wheel-drive vehicle, a propeller shaft for 
driving rear wheels is disposed on a center part of an automotive body to extend in a 
longitudinal direction. Therefore, in this kind of vehicle, a bottom face of a fuel tank 
arranged on a bottom portion of the automotive body is formed in a shape bypassing 
to surround the propeller shaft, that is, in a saddle shape, so as to enlarge the tank 
volume as much as possible. 

In such a saddle type fuel tank, as disclosed in Japanese Unexamined Patent 
Publication No 2000-275526, the fuel tank is divided into a main chamber into which 
fuel is sucked by a fuel pump and an auxiliary chamber having no suction hole, by a 
protruding bottom face bypassing to surround the propeller shat. Therefore, when 
the fuel level is lowered as a result of fuel consumption, generally, the fuel from the 
auxiliary chamber is supplied to the main chamber by a negative pressure of return 
fuel, a so-called jet pump. 

Namely, the jet pump is disposed on an outlet of a fuel return pipe, so that the 
fuel from the auxiliary chamber is sucked into the main chamber via a fuel transfer 
tube connected to the jet pump, by the negative pressure with the discharge of return 
fuel from a discharge port of the jet pump. 

Here, the fuel transfer tube needs to be mounted by being bent to lie over the 
protruding bottom face of the saddle type fuel tank. 

For this purpose, there is a fuel transfer tube formed in the shape of bellows 
as a whole. In this case, when the fuel in the auxiliary chamber is reduced and then 
the jet pump starts to pump the air therein, the airflow is detached from an inner wall 



l 



face of bellows shape to be turbulence. As a result, the air is vibrated to occur a 
noise. 

Note, there is a fuel transfer tube in which a bellows tube made of resin is 
connected to an end portion on the side of main chamber made of metal pipe bent 
from the auxiliary chamber side to lie over the protruding portion. Even in such a 
case, sometimes, a noise occurs from the bellows tube, resulting in the large level of 
noise. 

Further, especially in the fuel transfer tube the entire of which is formed in 
bellows shape, the rigidity thereof is insufficient, and therefore, there occurs an 
abrasion noise when the tube interferes the inner wall of the tank due to the fuel 
vibration in the tank. 

The present invention has been accomplished in view of the above problems 
and has an object to enable the rigidity to be ensured while suppressing the 
occurrence of noise, in a fuel supply system for an internal combustion engine and a 
fuel transfer tube, which are applied to a saddle type fuel tank. 

Summary of the Invention 

In order to achieve the above object, a fuel supply system for an internal 
combustion engine according to the present invention is constituted so that a fuel 
transfer tube mounted so as to lie over a protruding portion of a saddle type fuel tank, 
is connected to a fuel introduction port of a jet pump disposed on a main chamber side 
of the fuel tank, to suck fuel inside an auxiliary chamber into the main chamber via the 
fuel transfer tube, and also at least a part of the fuel transfer tube is constituted by 
arranging alternately a plurality of bellows portions each of which cross section is 
changed, and a plurality of straight portions each of which cross section is fixed. 

Further, a fuel transfer tube according to the present invention is constituted 
so that a bellows portion of which cross section is changed and a straight portion of 
which cross section is fixed, are arranged alternately. 

The other objects and features of this invention will become understood from 
the following description with reference to the accompanying drawings. 

Brief Explanation of the Drawings 
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Fig. 1 is a configuration diagram showing an embodiment of a fuel supply 
system for an internal combustion engine according to the present invention. 

Fig. 2 is an enlarged diagram showing a configuration of a jet pump periphery 
in the embodiment. 

Fig. 3 is a diagram showing an appearance of a fuel transfer tube according to 
the present invention used for the embodiment. 

Fig. 4 is a diagram showing two examples of mounting structure of the fuel 
transfer tube to a fuel-flow gauge. 

Preferred Embodiment 

A specific embodiment of a fuel supply system according to the present 
invention will be described based on the drawings. 

A fuel tank 1 disposed on a rear-wheel-drive vehicle or a four-wheel-drive 
vehicle is formed such that a center portion 1a of a bottom face thereof protrudes 
upwardly so as to bypass a propeller shaft, and is provided with a main chamber 1b 
and an auxiliary chamber 1c on both sides of protruding portion 1a. 

A pump unit 2 incorporating therein a pump body 20 is installed in main 
chamber 1 b, and a jet pump 21 is mounted on a bottom portion of pump unit 2. 

Jet pump 21 includes a negative pressure chamber 23 in a housing 22, and a 
narrowed diameter portion 24 and a fuel injection nozzle 25 are formed on one side of 
jet pump 21. Further, an approximately L-shaped nozzle member 26 is disposed in 
negative pressure chamber 23. A horizontal end of nozzle member 26 is formed in a 
tapered shape to serve as a nozzle hole 27. Nozzle hole 27 is located in narrowed 
diameter portion 24 with required clearance, to form a negative pressure generating 
portion 28 on a boundary portion between narrowed diameter portion 24 and fuel 
injection nozzle 25. Further, to a vertical inlet end 29 of nozzle member 26, a fuel 
return pipe 3 returning fuel from an engine is connected. 

A fuel outlet 4b of a fuel transfer tube 4 according to the present invention is 
connected to a fuel introduction port 30 formed on housing 22, and a fuel inlet 4a of 
fuel transfer tube 4 is connected to a lower wall of a fuel-flow gauge 5 installed in 
auxiliary chamber 1c. Fuel transfer tube 4 is formed of resin material as a whole, 
and is constituted by arranging alternately a plurality of bellows portions 4A each of 
which cross section is changed, and a plurality of straight portions 4B each of which 
cross section is fixed. 
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The bottom portion of pump unit 2 communicates with a fuel suction port of 
pump body 20 via a fuel suction pipe 31 , and a fuel discharge port of pump body 20 is 
connected to a fuel supply pipe 6 supplying the fuel to the engine (refer to Fig. 1). 

Next, a basic fuel supply operation of fuel supply system having the above 
configuration will be described. 

When the fuel returned from fuel return pipe 3 is injected from nozzle hole 27 
of nozzle member 26, a negative pressure is generated in negative pressure 
generating portion 28 due to an ejector effect so that negative pressure chamber 23 
becomes under a negative pressure. As a result, the fuel retained in auxiliary 
chamber 1c is sucked by negative chamber 23 to be transferred via fuel transfer tube 
4 to main chamber 1b. 

The fuel transferred from auxiliary chamber 1c is ejected to the bottom portion 
of pump unit 2 from fuel injection nozzle 25 together with the return fuel, and then 
pumped into pump body 20 via fuel suction pipe 31 and discharged from pump body 
20, to be supplied to the engine via fuel supply pipe 6. 

The fuel in main chamber 1 b flows together the fuel from auxiliary chamber 1 c 
and pumped into pump body 20, to be supplied to the engine, by a jet pump also 
installed in pump unit 21 or by communicating main chamber 1b with negative 
pressure chamber of jet pump 21 via a pipe. 

Next, the effect obtained by disposing fuel transfer tube 4 according to the 
present invention will be described. 

When the fuel level is lowered as a result that the fuel in auxiliary chamber 1c 
is reduced by pumping to transfer the fuel in auxiliary chamber 1c by jet pump 21 in 
the above described manner, fuel inlet 4a of fuel transfer tube 4 is exposed to the air, 
to start to suck the air therein. 

In such a case, if the length of bellows portion is long as in the conventional 
technique, the airflow is detached from an inner wall face of bellows shape to be 
turbulence. As a result, the air is vibrated to occur a noise. However, in the present 
invention, since fuel transfer tube 4 is constituted by arranging alternately the plurality 
of bellows portions 4A and the plurality of straight portions 4B, the length of each 
bellows portion is made short, thereby enabling to suppress the cause of noise 
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occurrence. Further, even in the case where the airflow is detached from the inner 
wall face of bellows portion 4A, the airflow is again adjusted in straight portion 4B 
disposed downstream of bellows portion 4A, thereby enabling to efficiently prevent 
the noise occurrence. 

Further, since the rigidity is ensured by straight portion 4B, it is possible to 
prevent an abrasion noise from occurring when the tube interferes the inner wall of 
the tank due to the fuel vibration. 

Fig. 4 shows embodiments of mounting structure of fuel inlet 4a of fuel 
transfer tube 4 to a lower wall of fuel-flow gauge 5. In the conventional technique, a 
fuel inlet of fuel transfer tube is press fitted into a mounting hole formed on a wall of 
fuel-flow gauge. However, in such a press fitting method, if there occurs a deviation 
in mounting direction, the excessive stress exerts on the fuel transfer tube or a 
connected part thereof. Since there is a restriction on the mounting direction, it is 
impossible to obtain the efficiency in mounting workability, maintenance performance 
and detachability. 

Therefore, in the mounting structure shown in (A) of Fig. 4, a single-touch 
attachable connector member 42 is press fitted into an end portion on fuel inlet side of 
a body 41 of fuel transfer tube 4. In connector member 42, a claw 42a of ratchet 
structure in a spring mechanism, disposed on a tip portion of connector member 42 
which is to be inserted into a mounting hole 5a, is retracted to the inner side to allow 
the tip portion to be inserted into mounting hole 5a when the tip portion is inserted into 
mounting hole 5a, and after completion of the insertion in which a flange 42b disposed 
rearward claw 42a comes in contact with a lower wall of fuel-flow gauge 5 to be locked, 
claw 42a projects so that connector member 42 is retained. 

Further, by forming a diameter of the portion of connecting member 42, which 
is in engagement with mounting hole 5a, to be slightly smaller than that of mounting 
hole 5a, connecting member 42 can be axially rotated. Thus, it is possible to prevent 
the excessive stress from exerting on fuel transfer tube 4 and pump unit 2 being the 
connected part thereof, and fuel-flow gauge 5. As a result, since the restriction on 
the mounting direction is eliminated, the mounting workability, maintenance 
performance and detachability can be significantly improved. 

The mounting structure shown in (B) of Fig. 4 shows fuel transfer tube 4 in 
which connector member 42 is bent into an L-shape. This mounting structure 
achieves an effect similar to that in the mounting structure in (A). Further, this 
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mounting structure is advantageous in the case where the install space for fuel 
transfer tube 4 is narrow, such as, the case where fuel-flow gauge 5 is disposed 
closer to protruding portion 1a of saddle type fuel tank 1 . 

In the embodiments as shown in the above, the bellows portions and the 
straight portions are arranged alternately over the entire fuel transfer tube. However, 
in such a constitution where a portion on the auxiliary chamber side and a portion 
lying over the protruding portion (except for connector portion) are formed of a metal 
pipe, the bellows portions and the straight portions made of resin material may be 
arranged alternately on the main chamber side only. 

The entire contents of Japanese Patent Application No. 2003-020213 filed 
January 29, 2003, a priority of which is claimed, are incorporated herein by reference. 

While only selected embodiments have been chosen to illustrate the present 
invention, it will be apparent to those skilled in the art from this disclosure that various 
changes and modifications can be made herein without departing from the scope of 
the invention as defined in the appended claims. 

Furthermore, the foregoing description of the embodiment according to the 
present invention is provided for illustration only, and not for the purpose of limiting 
the invention as defined in the appended claims and their equivalents. 
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